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Abstract

Objectives: To prospectively assess the clinical performance and patient-reported
outcomes of dental implants in dentate patients with primary and secondary Sjégren's
syndrome (pSS and sSS, respectively) compared to patients without SS.

Materials and Methods: Thirty-seven implants were placed in 17 patients with pSS/
sSS and 26 implants in 17 non-SS patients to replace missing (pre)molars. Clinical per-
formance, marginal bone-level changes, patient satisfaction, and oral health-related
quality of life (OHRQoL) were assessed at 1 (T1), 6 (T6), 12 (T12), and 18 (T18) months
after placement of the superstructure. Marginal bone-level changes were measured
on standardized dental radiographs. Clinical parameters included implant and crown
survival, plaque, bleeding and gingival indices, and probing depth. Patient satisfaction
and OHRQoL were assessed with validated questionnaires.

Results: Implant survival at T18 was 100% in the patients with pSS/sSS and 96.2% in
the non-SS group. Mean marginal bone loss at T18 did not differ between patients
with pSS/sSS and non-SS patients, 1.10+1.04 and 1.04+0.75mm, respectively
(p = .87). Clinical performance was good with no differences between the groups
for all outcome measures (p>.05). OHRQoL in patients with pSS/sSS had improved
significantly after placement of implant supported crowns at all measuring moments
compared to baseline (p<.05). Nevertheless, patient satisfaction and OHRQoL re-
mained significantly higher for patients without SS at all measuring moments (p <.05).
Conclusion: Dental implants can be successfully applied in dentate patients with pSS/
sSS and have a positive effect on OHRQoL.

KEYWORDS
dental implants, Sjégren's syndrome, xerostomia, prosthodontics

in any medium, provided the original work is properly cited and is not used for commercial purposes.
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1 | INTRODUCTION

Sjogren's syndrome (SS) is an autoimmune disorder characterized by
progressive lymphocytic infiltration of the exocrine glands, notably
the lacrimal and salivary glands (Fox, 2004). After rheumatoid arthri-
tis (RA), SS is considered to be the most common rheumatic autoim-
mune disorder and it affects mainly women (female-to-male ratio,
9:1) (Fox, 2004). SS can be divided in primary (pSS) and secondary
SS (sSS). Secondary SS is associated with connective tissue diseases,
such as RA or systemic lupus erythematosus (SLE). The pathogenesis
of SS is still largely unknown. It has become apparent that distur-
bances of the immune system play a central role. Whether this is a
primary cause or a result of a prior (viral) infection or other extrinsic
factors remains uncertain (Mariette & Criswell, 2018). SS is charac-
terized by mononuclear infiltrates and IgG-producing plasma cells in
the salivary and lacrimal glands. This infiltration leads to irreversible
destruction of glandular tissue with a subsequent decrease in saliva
secretion rate (Daniels & Fox, 1992; Mariette & Criswell, 2018).

Saliva possesses many important functions including antimi-
crobial activity, mechanical cleansing, regulation of pH, removal
of food debris from the oral cavity, lubrication of the oral cavity,
control of mineralization and demineralization of teeth, and main-
taining the integrity of the oral mucosa (Dawes et al., 2015; Hsu &
Dickinson, 2006; Mathews et al., 2008). A change in saliva compo-
sition or a lack of saliva subsequently increases caries risk, which
results in progressive degradation of the dentition of SS patients
(Dawes et al., 2015; Maarse et al., 2018; Maarse et al., 2019).

If there is a qualitative or quantitative problem with saliva, loss of
retention, pain, and ulceration may occur while wearing full or partial
dentures (Okuno et al., 2014; Turner et al., 2008). In addition, dry
mouth is associated with the occurrence of the sensation of burn-
ing mouth (nonidiopathic burning mouth syndrome), which makes
wearing conventional dentures difficult (Ritchie & Kramer, 2018). A
recent review of the literature emphasized the important role of sa-
liva in the success of a denture. Speaking and chewing skills, as well
as denture stability, were found to be reduced in patients with dry
mouth symptoms compared to healthy subjects (Tanaka et al., 2021).

For patients with SS, an implant supported restoration could be
a better treatment option. Dental implant treatment is a clinically
validated and practice-proven therapy for the replacement of teeth
(Derks et al., 2015). To date, no prospective clinical trials have been
published in which the success and survival of implants in patients
with SS were investigated and compared to healthy subjects. Only
retrospective studies and case series reported on the use of dental
implantsin patients with SS, often with favorable outcomes (Albrecht
et al., 2016; Almeida et al., 2017; Barros et al., Barros et al., 2021;
Chrcanovic et al., 2019; Korfage et al., 2016), but also with less fa-
vorable outcomes such as an above average loss of implants (Isidor
et al., 1999; Payne et al., 1997). Therefore, this study aims to pro-
spectively investigate the clinical performance and patient-reported
outcomes of dental implants in dentate patients with SS compared
to subjects without SS up to 18 months after placement of the su-
prastructure. We hypothesize that there is no difference in marginal

peri-implant bone loss and patient-reported outcomes between

dentate patients with SS and dentate control subjects.

2 | MATERIAL AND METHODS
2.1 | Study design

This clinical study was designed as a prospective multicenter clini-
cal trial with a noninferiority design and an 18-month follow-up
period and was conducted between May 2015 and September
2020. The study was conducted at the Amsterdam University
Medical Center, department of Oral and Maxillofacial Surgery and
Oral Pathology, Amsterdam; Center for Special Care Dentistry,
Amsterdam; University Medical Center Utrecht, department of
Oral and Maxillofacial Surgery, Prosthodontics and Special Dental
Care, Utrecht; University Medical Center Groningen, Department
of Oral and Maxillofacial Surgery, Groningen; and private dental
practice Bocht Oosterdiep, Veendam. All centers are located in the
Netherlands. At all centers, two or more investigators were involved
in study-related activities. Recruitment took place at all sites. The
surgical procedure was performed at the Amsterdam UMC, UMC
Utrecht, UMC Groningen, and private practice Bocht Oosterdiep,
Veendam. The prosthetic procedures (including placement of the
crown) and measuring outcome measures were performed at all sites
by co-authors other than who inserted the implants. One trained
examiner (FM), unaware of the group allocations, evaluated all radio-
graphs to measure loss of bone. The study protocol is registered at
ClinicalTrials.gov (no. NCT02661243). The design and reporting of
this study are consistent with STROBE statement recommendations
(von Elm et al., 2014).

2.2 | Participants

The study population consisted of dentate patients with and without
pSS or sSS referred for single-implant treatment in the posterior re-
gion. The patients were considered for inclusion if they fulfilled the
following criteria:

- Between 18 and 80years of age.

- One or more missing (pre)molars in the maxilla and/or mandible.

- Sufficient mesio-distal (at least 7mm) and interocclusal space
for an anatomic restoration.

- Sufficient bone volume to insert a dental implant. In case of
implant dehiscences or fenestrations, it was allowed to cover these
by autogenous bone chips collected during implant bed preparation.

- Adequate oral hygiene (modified plaque index and modified
sulcus bleeding index <1) and with an infection of the oral mu-
cosa as determined by visual inspection and periodontal investiga-
tion (pocket probing >4 mm) were excluded (Loe & Silness, 1963;
Mombelli et al., 1987).

- The patient was capable of understanding and giving an in-
formed consent.
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Patients were excluded from participation in this study if they
met one of the following criteria:

- Medical and general contraindications for the surgical proce-
dures. This was defined as an American Society of Anesthesiologists
score 23 (Owens et al., 1978).

- Presence of an active and uncontrolled periodontal disease as
expressed by probing pockets depths >4 mm with bleeding upon
probing;

- History of radiotherapy to the head and neck region or the use
of intravenous bisphosphonates/use of oral bisphosphonates for
more than 3years or other medication, to date known for inhibiting
bone remodeling (e.g., Denosumab);

- Smoking within éweeks before implant placement/bone
augmentation.

Patients with SS only:

- Diagnosed with primary or secondary Sjégren's syndrome ac-
cording to the 2002 American European Consensus Group Criteria
(AECG) guidelines (Vitali et al., 2002).

Patients without SS only:

- No xerostomia as measured by the EULAR (European League
Against Rheumatism) Sjogren's Syndrome Patient Reported
Index (ESSPRI) score Dryness Domain Score (score <3) (Seror
et al., 2015).

Participants with SS were recruited from the Drymouth
Outpatient Clinic Amsterdam, through rheumatologists from the
University Medical Centers in Amsterdam, Utrecht, and Groningen.
Before inclusion, all possible participants for the patients with SS
group were strictly screened for compliance with the 2002 American
European Consensus Group (AECG) criteria (Vitali et al., 2002).
Retrospectively, all patients with SS fulfilled the 2016 American
Congress of Rheumatology (ACR)/EULAR criteria as well (Shiboski
etal., 2017).

Patients without SS were referred to the participating centers
by general practitioners. For every patient, a treatment plan was
written in which it was examined how to fulfill the patient's care
needs. The number of implants placed was thus determined on a
case-by-case basis and based on individual care needs. The study
was performed in accordance with the ethical principles of the
Declaration of Helsinki, International Council for Harmonization on
Good Clinical Practice and the applicable Dutch regulatory require-
ments. Written informed consent was obtained from each patient.
Patients were included between July 2014 and August 2018. The
VU Medical Center/Amsterdam University Medical Center Research
Ethics Board (#NL2014.541) approved the study.

2.3 | Patient and public involvement

A patient advisory group from the Dutch Federation for Sjogren's
syndrome participated in the design of the study and the develop-
ment of the informational material. Furthermore, they reviewed
the burden of the intervention from the patient's perspective. This
patient advisory group met on a regular basis for the duration of

the study. At the end of the study, the patient advisory group com-
mented on the findings and they contributed to the dissemination

plan.

2.4 | Intervention

All patients received Biohorizon Laser-Lok tapered internal implants
(Biohorizons, Birmingham, Alabama, USA) to replace missing (pre)
molars in the upper and/or lower jaw. All implants were placed with
preservation of the remaining (but healthy) dentition.

241 | Preoperative procedure

Prophylactic antibiotic therapy was applied 1 h before implant place-
ment surgery (amoxicillin 3 g). Patients were instructed to use a0.2%
chlorhexidine mouthwash (two times daily for 7 days) for oral disin-

fection starting 1 day before surgery.

2.4.2 | Surgical procedure

Under local anesthesia, an incision was made and the implant site
was examined and if necessary smoothed to obtain the correct re-
lation between bone-plain and the vertical position of the implant.
According to a standard procedure supplied by the manufacturer, the
implant site was prepared and the implant inserted in the desired po-
sition. After implant placement, a cover screw was placed and hand-
tightened on the fixture. The buccal margin of the wound including
the soft tissue and papillae were repositioned over the cover screw
without tension on the wound (2-stage procedure). Closure was ob-
tained with resorbable sutures (Braun or Vicryl 4-0 SH-1 Ethicon,
Johnson & Johnson Medical NV, Belgium). After 3 months of healing
and osseointegration, the implant was uncovered and a maxillofacial
surgeon placed a healing abutment. At least 1 week after this second

procedure, the prosthetic treatment was started.

2.4.3 | Prosthetic procedure

Three months after implant placement, an individual impression
was made on implant level for fabrication of the final crown. In the
laboratory, a soft tissue cast was prepared. First, a wax-up model of
the final restoration was made on a titanium abutment (Biohorizons
Inc, Birmingham, AL., USA) to visualize the location of the screw ac-
cess hole in relation to the crown. The wax-up model was scanned
for fabrication of a lithium disilicate crown (Emax, Ivoclar Vivadent,
Schaan, Liechtenstein). This crown was fused directly to the titanium
abutment with Panavia composite resin (Kuraray, Tokyo, Japan) in
order to create a screw-retained one-piece final restoration. The
restoration was seated on the implant and the abutment screw was
torqued with 30 Ncm, according to the manufacturer's instructions.
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2.5 | Outcome measures

Before implant placement (TO) and 1 (T1), 6 (T6), 12 (T12) and 18
(T18) month(s) after definitive crown placement, patients were seen
for clinical data collection. Outcome variables were survival rate,
complication rate, plaque index (Pl), bleeding index (Bl), gingival
index (Gl), probing pocket depth, marginal bone level changes, chew-

ing ability, and oral health-related quality of life.

2.51 | Survival rate

Survival rate was determined at all timepoints and is defined as

whether the implant is still present in the mouth or not.

2.5.2 | Complication rate

Complications are defined as fracture of the implant, superstructure
(including chipping of the crown) or abutment screw, or the detachment
of the superstructure from the abutment or detachment of the abut-

ment from the implant. Complications were recorded continuously.

2.5.3 | Plaque index

At TO, T1, Té, T12, and T18, the PI for each implant was measured
on a scale of 0/1/2/3 (0 = no plaque; 1 = a film of plaque adhering to
the free gingival margin and adjacent area of the crown/implant. The
plague may be seen in situ only after application of disclosing solution
or by using the probe on the tooth surface; 2 = moderate accumulation
of soft deposits within the gingival pocket, or the tooth/implant and
gingival margin which can be seen with the naked eye; 3 = abundance
of soft matter within the gingival pocket and/or on the tooth/implant
and gingival margin) (Loe & Silness, 1963; Mombelli et al., 1987).

2.54 | Bleedingindex

At TO, T1, Té, T12, and T18, the BI for each implant was measured
on a scale of 0/1/2/3 (0 = no bleeding when probe is passed along
the gingival margin; 1 = isolated bleeding, gingiva looks normal;
2 = blood forms a confluent red line on margins; 3 = heavy or pro-
fuse bleeding) (Loe & Silness, 1963; Mombelli et al., 1987).

2.5.5 | Gingival index

At TO, T1, Té, T12, and T18, the Gl by Loe and Silness was meas-
ured for each implant. Gl scores the marginal and interproximal tis-
sues separately on a 0-3 scale. The criteria are: 0 =normal gingiva;
1 =mild inflammation - slight change in color and slight edema,
but no bleeding on probing; 2 =moderate inflammation - redness,

edema and glazing, bleeding on probing; 3 =severe inflammation
- marked redness and edema, ulceration with tendency to sponta-
neous bleeding. The bleeding is assessed by probing gently along
the wall of soft tissue of the gingival sulcus. The Gl of an individual
implant was be obtained by adding the values of each side of the im-
plant (distobuccal, midbuccal, mesiobuccal, distolingual, midlingual,
and mesiolingual) and dividing by the number of sides examined (Loe
& Silness, 1963; Mombelli et al., 1987).

2.5.6 | Probing pocket depth

Probing depth was measured at six sites for each implant (mesiobuc-
cal, labial, distobuccal, mesiolingual, lingual, and distolingual) using a
manual periodontal probe (Williams Colour Coded Probe; HuFriedy,
Chicago, Il, USA) at T1, T6, T12, and T18. The distance between the
marginal border of the mucosa and the tip of the periodontal probe
was scored as the probing depth. The six scores were averaged, re-

sulting in a single score per implant expressed in millimeters (mm).

2.5.7 | Radiographic evaluation

Changes in marginal bone level were calculated from standardized
digital intra-oral radiographs taken with an individualized aiming
device as previously described (Meijndert et al., 2004). Full-screen
analysis of the radiographs was performed using the known implant
diameter as a reference value for calibration of the radiograph. One
trained examiner (FM), unaware of group allocations, evaluated all
radiographs. A single observer was chosen to prevent interobserver
variability. The vertical distance from the shoulder of the implant to
the first bone-to-implant contact was measured at both the distal
and mesial site of the implant using VisiQuick software (Citodent
Imaging B.V, Amsterdam, the Netherlands). Mesial and distal bone
changes in this region were averaged and considered as radiographic
bone height change. Bone height changes are expressed in mm.

2.5.8 | Chewing ability

All patients were requested to fill out a “Chewing ability” question-
naire. In this questionnaire, patients gave their opinion about the
ability to chew nine different kinds of food on a three-point rating
scale (0 = good, 1 = moderate, 2 = bad). The nine items were grouped
into three subgroups of three items each, representing the ability to
chew soft food, tough food, and hard food (Stellingsma et al., 2005).

2.5.9 | Evaluation of oral health-related
quality of life

Oral health-related quality of life (OHRQoL) was defined as “the
absence of negative impacts of oral conditions on social life
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[ Enrollment ]

Assessed for eligibility (n = 50)

Excluded: n= 14

Not meeting inclusion criteria (n =4 )
Declined to participate (n =10 )
Other reasons (n=10)

Patients allocated to SS

group (n=17)

Received allocated
intervention: n =17

Patients allocated to non-
SS group (n=19).
Received allocated
Intervention: n = 19

[ Follow-Up ]

y

\ 4

Follow up to T18: n=17
Discontinued after
intervention: n =0

Follow up to T18: n=19
Discontinued after
intervention: n =2

Analysis ]

4

\ 4

Analysed: n=17
Excluded from analysis: n
=0

Analysed: n=17
Excluded from analysis: n
=0

TABLE 1 Characteristics of the study population

Patient variables

N (patients)

Age (median; IQR)
Female gender, n(%)
No. smokers (6 weeks prior to treatment)
Mean no. of medications used
Mean disease duration (years)?
Primary SS, n(%)>
Secondary SS, n(%)?
Autoantibodies to anti-SSA or anti-SSB(%)
Positive salivary gland biopsy (%)
Objective ocular involvement (Schirmer test) (%)
Mean ESSPRI (SD) (dryness domain)
Remaining teeth/patient (Mean/SD)
Remaining molars/patient (Mean/SD)
Remaining premolars/patient (Mean/SD)
Inserted implants (N)
Mean no. implants/patient
Locations of inserted implants

1st premolar region (N)

2nd premolar region (N)

1st molar region (N)

2nd molar region (N)

N implants upper: lower jaw

Sjogren's syndrome

17

65 (59-69)
17 (100%)
0

4.8

13.4

11 (64.7%)
6(35.3%)
69%

75%

100%

6.9 (2.51)
21.3(5.6)
4.4(2.1)
5.5(1.8)
37

1.9

9

9

19

0
21:16

Non-Sjoégren syndrome

19 (1 lost to follow-up before and 1 after T1);
17 patients in a per-protocol analysis

58 (48-61.5)
12(70.6%)

3

0.9

n/a

n/a

n/a

n/a

n/a

n/a
1.3(0.47)
24.0(2.5)
6.1(1.9)
5.8(1.4)

26 placed, but 1 lost to follow-up after T1
1.3

6

8

11

1
9:17

?Disease duration is years since diagnosis. 2Classified according the 2002 American European Consensus Group Criteria (AECG); All patients
classified as secondary SS had rheumatoid arthritis. *Defined as the total EULAR (European League Against Rheumatism) Sjégren's Syndrome Patient

Reported Index (ESSPRI) score divided by 3.
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Medication use SS

ATC Description of ATC group group (n = 17)

A Alimentary tract and metabolism (incl 22
Colecalciferol (vit-D), Ascorbic
acid (vit-C) and Calcium carbonate
(Calci-chew))

B Blood and blood forming organs 4

C Cardiovascular system 11

D Dermatologicals

G Genito-urinary system and sex 0
hormones

H Systemic hormonal preparations, 1
excluding sex hormones and
insulins

J Anti-infectives for systemic use 2

L Anti-neoplastic and 2
immunomodulating agents

M Musculo-skeletal system (incl. anti- 7
inflammatory and anti-rheumatic
products)

N Nervous system 13

Antiparasitic products (incl. 2

hydroxychloroquine)

R Respiratory system 5

Sensory organs 11
\Y Varia (i.e., over the counter drymouth 15

relieving products)

and a positive sense of dentofacial self-confidence” (Tashbayev
et al., 2020). To quantify the OHRQoL, all patients completed the
Dutch version of the Oral Health Impact Profile-14 at all time-points.
The OHIP-14 comprises 14 items that measure seven domains of
impact, each based on two questions: functional limitation, physi-
cal pain, psychological discomfort, physical disability, psychological
disability, social disability, and social handicap. Respondents were
instructed to indicate their experience for each item on a five-
point Likert scale ranging from O to 4 (O = never; 1 = hardly ever;
2 = occasionally; 3 = fairly often; 4 = very often)(van der Meulen
et al., 2012). This results in a score for each question ranging from O
to 4, and a summated score ranging from O to 56, where low scores
indicate high OHRQoL. The benchmark to assess whether a change
in OHRQol is clinically relevant, known as the Minimally Important
Difference (MID), was set at 2 OHIP-14 units (Bassetti et al., 2016).
Accordingly, a change of 2 units of the summated OHIP-14 score was

assumed to be clinically relevant.
2.5110 | Feeling of oral dryness
All patients were asked to complete the EULAR (European League

Against Rheumatism) Sjégren's Syndrome Patient Reported Index
(ESSPRI) questionnaire (37) at TO. Disease symptoms (pain, fatigue,

TABLE 2 Medication use in the SS and
non-SS groups stratified according to the
anatomical therapeutic chemical (ATC)
codes

Medication use
non-SS group
(n=17)

2

, o N R

dryness) were assessed using a 10-point scale patient-administered
questionnaire (Seror et al., 2015). Only the dryness domain was used

to compare groups.

2.6 | Sample size and statistical analysis

A sample size was calculated using G*power (Faul et al., 2007). The
effect size was calculated based on available data published in lit-
erature (den Hartog, Raghoebar, et al., 2011 den Hartog, Meijer,
et al., 2011; Pecora et al., 2009). As outcome measure was chosen,
the marginal bone loss measured in mm after 1 year. In the litera-
ture, a bone loss of 1mm (SD: 0.6) after 1 year is considered accept-
able, but 1.5mm of bone loss after 1 year unacceptable (den Hartog,
Raghoebar, et al., 2011; den Hartog, Meijer, et al., 2011; Pecora
et al., 2009). For the sample size analysis, we hypothesized that
1 year after insertion of the implants there is no difference between
patients without SS and patients with SS with regard to peri-implant
bone loss. No difference is defined as 0.5mm or less of additional
marginal bone loss. With an alpha of 0.05 (two-sided) and a power of
80%, this resulted in an estimated sample size of 23 implants in 23
unique patients per group.

The data were presented as mean and their standard deviations
to clarify relatively small differences and to make comparison with
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TABLE 5 Analysis of the differences between the Sjégren's syndrome group (37 implants in 17 patients) and the non-Sjogren's syndrome

group (25 implants in 17 patients) for all outcome measures after correction for gender and age

Radiographic bone loss
T1
T6
T12
T18
Gingival index
T1
T6
T12
T18
Plaque index
T1
T6
T12
T18
Bleeding Index
T1
T6
T12
T18
Probing pocket depth
T1
T6
T12
T18
Chewing ability: Soft food
TO
T1
T6
T12
T18
Chewing ability: Tough food
TO
T1
T6
T12
T18
Chewing ability: Hard food
TO
T1
T6
T12
T18

Coefficient

0.32
0.25
0.28
0.18

-0.04
-0.09
-0.11
-0.06

-0.74
0.86
111
-0.08

-0.15
-0.26
-0.42
-0.14

-0.11
-0.16
-0.29
-0.25
-0.27

-0.38
-0.55
-0.59
-0.72
-0.66

-0.29
-0.57
-0.80
-0.80
-0.72

.25
.36
.31

.50

46
.14
.08
.33

.96
n/a
n/at

n/a

.40
.35
.13
.93

.58
.32
.10
.21

48

.282
.055
.100
.073

.06
.007
.004
<.001
.001

17
.009
<.001
<.001
.001

95% Cl

Lower Upper
-0.22 0.85
-0.28 0.78
-0.26 0.81
-0.35 0.72
-0.16 0.07
-0.21 0.03
-0.22 0.01
-0.18 0.06
-1.89 1.80
n/a® n/a®
n/a® n/a®
n/a® n/a®
-2.44 0.96
-0.94 2.66
-0.34 2.56
-1.77 1.61
-0.65 0.36
-0.76 0.25
-0.93 0.09
-0.35 0.08
-0.40 0.19
-0.46 0.13
-0.59 0.01
-0.55 0.05
-0.57 0.03
-0.77 0.01
-0.95 -0.15
-0.99 -0.18
-1.12 -0.32
-1.06 -0.26
-0.71 0.13
-0.99 -0.14
-1.23 -0.38
=iL,2% -0.38
-1.15 -0.30
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TABLE 5 (Continued)

Coefficient
OHIP-14
TO -13.46
T1 -11.93
T6 -10.30
T12 -12.07
T18 -13.46

9
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95% Cl
p Lower Upper
<.001 -19.50 -7.42
<.001 -18.00 -5.87
.001 -16.39 -4.20
<.001 -18.17 -5.98
<.001* -19.56 -7.37

Note: The coefficient is the estimated difference of the means between the non-Sjégren's Syndrome group and the Sjogren's Syndrome group. A
negative value means that the outcome score in the Sjégren's Syndrome group is higher compared to the non-Sjégren Syndrome group. p-values
marked with bold indicate statistically significant differences between the groups. ¥No results due to low numbers.

other studies more convenient. Difference between the groups in
the outcome variables over time was analyzed with linear mixed
model analysis (for the normally distributed continuous outcome
variables) or with logistic generalized estimating equations (GEE)
analysis. Mixed model analysis and GEE analysis are used to take
into account the dependency of the observations within the pa-
tient over time. The models included time (a categorical variable
represented by dummy variables), group, and the interaction be-
tween time and group. The analysis was adjusted for age and gen-
der and was performed by a statistician (JWRT) unaware of group
allocation. Data were analyzed with STATA (StataCorp, College
Station, TX, USA). A p-value of 0.05 or lower was considered sta-

tistically significant.

3 | RESULTS

At the start of the study, we included 34 patients in which 63 im-
plants were placed. Thirty-two patients completed the study be-
tween May 2015 and September 2020 (Figure 1). One patient in the
non-SS group was lost due to loss of the implant before T1 and an-
other was lost to follow up due to personal reasons after T1. These
patients were not replaced. Only data from implants with a complete
follow-up period were used in a per-protocol analysis (37 implants in
the SS group and 25 implants in the non-SS group). Characteristics of
the study population are presented in Table 1. The median age of the
patients with SS (65 years; IQR: 59-69) was significantly higher com-
pared to the age of the patients without SS (58 years; SD: 48-61.5;
p = .006). In the SS group, only females were included. All patients
needed implant treatment because of tooth loss directly or indi-
rectly related to caries. Patients with SS used on average 4.8 medi-
cations and patients without SS used on average 0.9 medications.
Medication use of the included patients is presented in Table 2,
stratified according to the Anatomical Therapeutic Chemical (ATC)
codes.

Implant survival was 100% in the SS group and 96.2% in the
non-SS group. One implant was lost in the non-SS group due to lack
of osseointegration before T1. In one patient in the SS group, the
crown had to be replaced at T12 because the patient felt it was too

big. No other complications were reported with relation to the im-
plants or crowns.

Analysis of the data for normality revealed that the outcome mea-
sures were not normally distributed (Shapiro-Wilk; p <.001). Means
and standard deviations of the outcome measures are presented in
Tables 3 and 4. The results of the Mixed Models and GEE analyses
are presented in Table 5. At T18, mean bone loss was 1.10mm (SD:
1.04) in the SS group and 1.04mm (SD: 0.75) in the non-SS group. At
all timepoints, bone loss was higher in the non-SS group compared to
the SS group, but the Mixed Models analysis revealed no significant
differences in mean marginal bone loss, measured on the standard-
ized x-rays, between both groups at all timepoints. The radiographic
bone height changes of implants inserted in the upper jaw or the
lower jaw were analyzed separately.

At T18, no significant differences between the groups were found
for probing depth (SS group: M =2.29 mm; non-SS group: M= 1.70mm;
p =.06) and GI (SS group: M = 0.04; non-SS group: M = 0.00; p = .42).
Also, at previous time-points, no significant differences were found
although probing depths were numerically higher in the SS group.

Chewing ability increased significantly after placement of the
crowns in the non-SS group compared to baseline (M = 1.55) only for
hard food at T6 (M = 1.00; p = .006), T 12 (M = 1.04; p = .007) and
T18 (M = 1.04; p = .02). In the SS group, no significant improvement
in chewing ability compared to baseline was found.

Before placement of the crowns, the ability to chew soft food
(SS group: M = 1.31.; non-SS group: M = 1.14; p = .48), tough food
(SS group: M = 1.84; non-SS group: M = 1.35; p = .06), and hard
food (SS group: M = 1.92.; non-SS group: M = 1.55; p = .17) were
comparable between patients with SS patients and patients with-
out SS. After placement of the crowns, patients without SS were
able the chew soft, hard, and though food significantly better at all
timepoints compared to patients with SS (Tables 3 and 5[for exact
p-values at all time-points]).

The Bl and Pl are presented in a frequency table (Table 4). Both
outcome measures were numerically higher in the SS group, but the
GEE-analysis revealed no significant differences for bleeding index
at all timepoints between patients with SS and patients without SS.

Oral health-related QoL, as determined with the summated
OHIP-14 questionnaire, was significantly improved in the SS group
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compared to baseline (M = 33.7) at T1 (M = 28.2; p<.001), Té6
(M = 25.5; p<.001), T12 (M = 27.8; p<.001) and T18 (M = 28.8;
p = .002) (Table 6). In the non-SS group, OHRQoL improved also
after placement of the crowns, but this difference failed to reach
statistical significance compared to baseline at all timepoints. The
changes in the summated OHIP-14 score after placement of the im-
plants and crowns changed in both groups more than 2 OHIP units
compared to baseline, indicating a clinically relevant improvement
up to 18 months. At baseline, the summated OHIP-14 score was al-
ready significantly lower in the non-SS group (19.6) compared to the
SS group (33.7; p<.001), indicating a better OHRQoL for patients
without SS. After placement of the crowns, the OHIP-14 score re-
mained significantly lower in the non-SS group compared to the SS
group at all timepoints up to T18(p<.05; see Table 6 for exact p-
values at all time-points).

We also analyzed the OHIP-14 for every item separately (Table 6).
It was found that in the SS group, the items “Discomfort eating food,”
“Feeling tense,” “Poor diet,” “Difficult to relax,” “Embarrassment,”
“Difficulties doing usual jobs,” and “life less satisfying” improved sig-
nificantly compared to baseline. In the non-SS group, the same items
(except ‘life less satisfying’) as in the SS group improved significantly
compared to baseline. In the non-SS group items, ‘Trouble pronounc-
ing words’ and ‘Ability to function’ were at baseline already at a very
low level (at or slightly above 1; indicating no influence on QolL) so

improvement on these items was almost not possible.

4 | DISCUSSION

In this study, we evaluated the clinical performance of dental im-
plants in patients with Sjogren's syndrome compared to patients
without Sjogren's syndrome. No implants were lost in the SS group
and only one implant in the non-SS group. This implant was lost be-
fore the superstructure was placed. This result is comparable to the
findings of a study in non-SS patients with a different implant system
(Derks et al., 2015). They reported that 1.4% of implants are lost be-
fore placing the superstructure. Our results are also in line with the
results from a retrospective study investigating the implant survival
and performance in patients with SS. This previous study reported
an implant survival in patients with SS of 97% after 46 months
(Korfage et al., 2016).

We found numerically higher pocket probing depth and Gl
scores in the SS group. It could be speculated that this could have
a long-term effect which was not yet measurable in our study. Long
standing inflammation of the gingiva could result in an increase of
loss of bone. A comparable situation was also found in a study by
Korfage et al. (Korfage et al., 2016). In that study, it was found that
SS patients seemed to have more signs of peri-implant soft tissue in-
flammation despite comparable pocket-probing depths compared to
non-SS patients. These signs of inflammation could be related to the
reduced salivary secretion in patients with SS as well as the subse-
quent diminished self-clearance of the oral cavity (Pijpe et al., 2007).
As a result, debris will more easily accumulate and remain on the

tooth surfaces in SS subjects than in patients without SS. Therefore,
in patients with SS, the marginal tissue could be more prone to con-
tinuous exposure to inflammatory insults. This will probably have re-
sulted in slightly more gingival swelling and bleeding in the SS group,
although none of the measured parameters was significantly higher.
Although periodontitis is not an increased risk in patients with SS
(Maarse et al., 2019), the long-term survival and performance of
these implants will be subject of future studies.

Patients with and without SS were equally satisfied about
their ability to chew soft, tough, and hard food at baseline. After
placement of implant supported crowns, the patients without
SS patients experienced significant improvements at all time-
points compared to patients with SS for their ability to chew soft,
though, and hard food. This corresponds with previous studies in-
vestigating tooth loss and chewing ability (Brennan et al., 2008;
Hildebrandt et al., 1997; Leake et al., 1994). Patients with SS did
experience some improvement; however, this improvement was
not statistically significant. Therefore, it could be concluded that
replacing missing molars and/or premolars in patients with SS
did not result in an improvement to chew food. This might be ex-
plained by the effect of the severe oral dryness these patients are
experiencing. Their problems with eating are not only related to
the ability to chew but also to the ability to lubricate the mouth
and swallow the food. Moreover, this difference could also be ex-
plained by the larger number of remaining teeth in patients with-
out SS (SS-group: 21.3 vs. non-SS: 24.0).

We found that the oral health-related quality of life (OHR-QolL)
was significantly higher in the SS-group at baseline and all subse-
quent timepoints compared to the non-SS group. This corresponds
with the results from other studies investigating oral health-related
quality of life of SS patients using the OHIP-14 (Enger et al., 2011,
Tashbayev et al., 2020). The same is found for general health-related
quality of life (HR-Qol). In a study by Meijer et al., it was found
that SS has a large impact on HR-QoL, employment, and disability
and that the need to use artificial saliva is a predictor for a reduced
HR-QoL in SS indicating the important role of saliva in QoL (Meijer
et al., 2009).

Interestingly, the summated OHIP-14 score improved signifi-
cantly and more than the meaningful important difference (MID)
after replacing missing teeth by implant supported crowns in the SS
group indicating that replacing missing teeth improves the quality of
life in these patients. This difference between the groups could be
related to the larger number of remaining teeth in the patients with-
out SS compared to the patients with SS at baseline (SS-group: 21.3
vs. non-SS: 24.0). Despite this improvement, patients with SS still
reported a significant lower QoL than patients without SS at all time-
points. As discussed above, this is probably related to the persistent
oral dryness and its related problems. In the non-SS group, the sum-
mated OHIP-14 score was lower after placement of the implant sup-
ported crowns compared to baseline at all timepoints, suggesting
an improvement in QolL, but this difference was not significant. An
explanation for this could be that the scores on some questions in
the non-SS group were already at a very low level at baseline (at or
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slightly above 1; indicating no influence on QolL) so improvement on
these questions was almost not possible.

Another explanation could be that in the non-SS group, both
males and females (4 and 13, respectively) were included and in
the SS group only females. In previous research, it was found that
OHIP-14 scores of males were lower compared to females (Kang &
Kang, 2014). Therefore, we adjusted our analysis for gender. This
resulted in slightly higher OHIP-14 scores in the non-SS group, and
some of the responses to the items were not significantly different
anymore compared to the non-SS group. But overall, the differences
in OHIP-14 scores in the SS group remained significantly higher com-
pared to the non-SS group.

A limitation of this study is that we were not able to find a gen-
der- and age-matched non-SS group. In the SS group, no males could
be included. We decided to include female and male patients in the
non-SS group because it was difficult to find patients without SS that
were willing to participate in our study. The same applies to age as
patients in the SS group were significantly older than patients in the
non-SS group. From previous studies, it is known that a high age is
related to more oral health problems and that females have better
oral hygiene compared to males (Kim et al., 2012; Razak et al., 2014).
This could have influenced the outcomes of our study by increas-
ing the differences between the groups. Therefore, we adjusted our
analysis for age and gender.

Another drawback of the limited number of eligible patients was
that in some of the patients, more than 1 implant was included in the
study. This is reflected in the number of implants which is not corre-
sponding with the number of patients. Therefore, it should be men-
tioned that our study is slightly underpowered. The minimal number
of implants as calculated in our sample size analysis (23) was reached
but not in 23 unique patients (SS-group: 37 implants in 17 patients;
non-SS group: 25 implants in 17 patients).

In our study, we included patients with primary SS (pSS) and
secondary SS (sSS) (respectively 64.7% and 35.3%) and all patients
classified as secondary SS had Rheumatoid Arthritis (RA). RA is a
known risk factor for periodontal disease (de Pablo et al., 2008).
Studies report that periodontal disease is approximately twice
as common and more severe in patients with RA. A recent study
reported significantly higher pocket probing depths and plaque
index in patients with RA compared to patients without RA. These
results suggest that RA patients have a higher risk of developing
periodontal disease compared to non-RA (Potempa et al., 2017).
On the other hand, is it described that there are no differences in
periodontal status between patients with pSS, RA, or healthy sub-
jects (Ozcaka et al., 2018). Additionally, there could be an effect
of the anti-inflammatory medication used by some of the patients
with sSS in the present study. To eliminate a potential overesti-
mating effect of RA on periodontal parameters in our study, either
all patients with RA should be excluded or only patients with pSS
should have been included. Unfortunately, that was not possible
because of the limited number of patients with SS eligible for sin-
gle teeth replacement. In Table 2, we presented all the medication
used by the participants.

A strength of our study was the use of standardized intraoral
dental radiographs together with the used periodontal parameters.
In previous studies, it is suggested that this is the most optimal
setting to evaluate peri-implant health (Brown et al., 1989; Lindhe
et al., 2015). We could have further optimized our study design by
making a standardized intraoral radiograph immediately after place-
ment of the implant. This could have been possible if we fabricated
an individualized x-ray holder before placement of the implant. In
this way, we could have determined the change in bone height over
time more accurately.

In this study, we report results up to 18 months. It would very in-
teresting to study the longer term results (e.g., 5 and 10years results)
especially as less favorable outcomes such as an above average loss
of implants is reported in literature (Isidor et al., 1999).

From this study, we conclude that dental implants in patients with
SS show a clinical performance comparable to implants in patients
without SS up to 18 months. Furthermore, replacing missing molars
and premolars by implant supported crowns improves the Oral health-
related quality of life of SS-patients. Therefore, it can be concluded
that dental implants are a safe and effective treatment option for SS
patients up to 18 months. To study the long-term success of dental

implants in patients with SS, a follow-up study will be implemented.

AUTHOR CONTRIBUTIONS

Floor Maarse: Conceptualization (supporting); data curation (equal);
formal analysis (supporting); investigation (equal); project adminis-
tration (lead); resources (equal); writing - original draft (lead). Willem
Fennis: Conceptualization (supporting); data curation (supporting);
investigation (equal); methodology (supporting); project adminis-
tration (equal); resources (equal); writing - original draft (support-
ing); writing - review and editing (equal). Jos Twisk: Formal analysis
(lead); methodology (equal); writing - original draft (equal); writ-
ing - review and editing (equal). Arjan Vissink: Conceptualization
(supporting); formal analysis (supporting); investigation (support-
ing); methodology (equal); validation (equal); writing - review and
editing (lead). Henk S Brand: Formal analysis (equal); methodology
(supporting); supervision (equal); validation (supporting); writing -
original draft (equal); writing - review and editing (equal). Derk Jan
Jager: Conceptualization (lead); data curation (lead); formal analy-
sis (supporting); funding acquisition (lead); investigation (equal);
methodology (equal); project administration (supporting); resources
(supporting); supervision (lead); validation (equal); visualization (sup-
porting); writing - original draft (supporting); writing - review and

editing (equal).

ACKNOWLEDGEMENTS

This study was funded by unconditional research grants from
Foundation NutsOhra (FNO), Amsterdam, the Netherlands and
Biohorizons Inc, Birmingham, AL, USA. No other conflicts of interest
can be identified. We would like to thank all the participants of this
study. We also like to thank Maxillofacial Dental Laboratory G. van
Dijk, Groningen, the Netherlands, for fabricating the individualized
X-ray holders and superstructures.

85UB017 SUOLILLIOD BAIFER1D 3|qedlidde 8Ly Aq pausenob afe 9 VO ‘8sn JOS3|NI o A%1q1T8U1IUO AB]1M UO (SUORIPUOD-pUR-SLLBH D" A | 1M AReiq)1BU1|UO//SANY) SUORIPUOD PUe SWie L 8L} 385 *[¢202/0T/82] Uo Aig1auliuO AB|IM Ye8Ul01(qIasIRYSIBAILN AQ 866ET JIO/TTTT OT/I0p/W00 3| IM AReiq1Bu1|UO//SANY W14 papeo|umoq ‘0 ‘TOS0009T



MAARSE ET AL.

13
CLINICAL ORAL IMPLANTS I‘\ESEAI‘\CH_WI LEY

DATA AVAILABILITY STATEMENT
After acceptance of this manuscript, data that support the findings

of this study will be openly available in the Dryad repository.

ORCID
Arjan Vissink
Henk S. Brand
Derk Hendrik Jan Jager

https://orcid.org/0000-0003-2581-4361
https://orcid.org/0000-0002-7829-9116
https://orcid.org/0000-0002-3006-2128

REFERENCES

Albrecht, K., Callhoff, J., Westhoff, G., Dietrich, T., Dérner, T., & Zink,
A. (2016). The prevalence of dental implants and related factors
in patients with Sjégren syndrome: Results from a cohort study.
The Journal of Rheumatology, 43(7), 1380-1385. https://doi.
org/10.3899/jrheum.151167

Almeida, D., Vianna, K., Arriaga, P., & Moraschini, V. (2017). Dental
implants in Sjogren's syndrome patients: A systematic review.
PLoS One, 12(12), e0189507. https://doi.org/10.1371/journ
al.pone.0189507

Barros, A. W. P,, Sales, P. H. D. H., Carvalho, A. A. T., Patel, P., Porter,
S., & Ledo, J. C. (2021). Is Sjogren's syndrome a risk factor/contra-
indication for dental implants? An umbrella review. Special Care in
Dentistry, 41(4), 453-462. https://doi.org/10.1111/scd.12591

Bassetti, R. G., Mericske-Stern, R., & Enkling, N. (2016). Are there dif-
ferences in the changes in oral-health-related quality of life
(OHRQoL) depending on the type (rigidity) of prosthetic treatment?
Quintessence International (Berlin, Germany:1985), 47(9), 749-757.
https://doi.org/10.3290/].qi.a36384

Brennan, D. S., Spencer, A. J., & Roberts-Thomson, K. F. (2008). Tooth
loss, chewing ability and quality of life. Quality of Life Research,
17(2), 227-235. https://doi.org/10.1007/s11136-007-9293-2

Brown, L.J., Oliver,R.C., & L6e, H. (1989). Periodontal diseases in the U.S.
in 1981: Prevalence, severity, extent, and role in tooth mortality.
Journal of Periodontology, 60(7), 363-370. https://doi.org/10.1902/
jop.1989.60.7.363

Chrcanovic, B. R., Kisch, J., & Wennerberg, A. (2019). Dental implants in
patients with Sjogren's syndrome: A case series and a systematic
review. International Journal of Oral and Maxillofacial Surgery, 48(9),
1250-1259. https://doi.org/10.1016/].ijom.2019.02.005

Daniels, T. E., & Fox, P. C. (1992). Salivary and oral components of
Sjogren's syndrome. Rheumatic Diseases Clinics of North America,
18(3), 571-589.

Dawes, C., Pedersen, A. M. L,, Villa, A., Ekstrom, J., Proctor, G. B., Vissink,
A., Aframian, D., McGowan, R., Aliko, A., Narayana, N., Sia, Y. W.,
Joshi, R. K., Jensen, S. B., Kerr, A. R., & Wolff, A. (2015). The func-
tions of human saliva: A review sponsored by the world work-
shop on Oral medicine VI. Archives of Oral Biology, 60(6), 863-874.
https://doi.org/10.1016/j.archoralbio.2015.03.004

de Pablo, P., Dietrich, T., & McAlindon, T. E. (2008). Association of peri-
odontal disease and tooth loss with rheumatoid arthritis in the US
population. The Journal of Rheumatology, 35(1), 70-76.

den Hartog, L., Meijer, H. J. A., Stegenga, B., Tymstra, N., Vissink,
A., & Raghoebar, G. M. (2011). Single implants with different
neck designs in the aesthetic zone: A randomized clinical trial.
Clinical Oral Implants Research, 22(11), 1289-1297. https://doi.
org/10.1111/j.1600-0501.2010.02109.x

den Hartog, L., Raghoebar, G. M., Stellingsma, K., Vissink, A., &
Meijer, H. J. A. (2011). Immediate non-occlusal loading of sin-
gle implants in the aesthetic zone: A randomized clinical trial.
Journal of Clinical Periodontology, 38(2), 186-194. https://doi.
org/10.1111/j.1600-051X.2010.01650.x

Derks, J., Hakansson, J., Wennstréom, J. L., Tomasi, C., Larsson, M., &
Berglundh, T. (2015). Effectiveness of implant therapy analyzed in

a Swedish population: Early and late implant loss. Journal of Dental
Research, 94(3 Suppl), 44S-51S. https://doi.org/10.1177/00220
34514563077

Enger, T. B., Palm, @., Garen, T., Sandvik, L., & Jensen, J. L. (2011). Oral
distress in primary Sjogren's syndrome: Implications for health-
related quality of life. European Journal of Oral Sciences, 119(6), 474~
480. https://doi.org/10.1111/j.1600-0722.2011.00891.x

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*power 3: A
flexible statistical power analysis program for the social, behav-
ioral, and biomedical sciences. Behavior Research Methods, 39(2),
175-191. https://doi.org/10.3758/bf03193146

Fox, R. I. (2004). Sjogren's syndrome. Lancet, 366(9482), 321-331.
https://doi.org/10.1016/5S0140-6736(05)66990-5

Hildebrandt, G. H., Dominguez, B. L., Schork, M. A., & Loesche, W. J.
(1997). Functional units, chewing, swallowing, and food avoidance
among the elderly. The Journal of Prosthetic Dentistry, 77(6), 588-
595. https://doi.org/10.1016/s0022-3913(97)70100-8

Hsu, S., & Dickinson, D. (2006). A new approach to managing oral
manifestations of Sjogren's syndrome and skin manifestations
of lupus. Journal of Biochemistry and Molecular Biology, 39(3),
229-239.

Isidor, F., Brandum, K., Hansen, H. J., Jensen, J., & Sindet-Pedersen, S.
(1999). Outcome of treatment with implant-retained dental pros-
theses in patients with Sjogren syndrome. The International Journal
of Oral & Maxillofacial Implants, 14(5), 736-743.

Kang, J.-M., & Kang, K.-H. (2014). Effect of malocclusion or orthodon-
tic treatment on oral health-related quality of life in adults. Korean
Journal of Orthodontics, 44(6), 304-311. https://doi.org/10.4041/
kjod.2014.44.6.304

Kim, J. K., Baker, L. A., Seirawan, H., & Crimmins, E. M. (2012).
Prevalence of oral health problems in U.S. adults, NHANES
1999-2004: Exploring differences by age, education, and race/
ethnicity. Special Care in Dentistry, 32(6), 234-241. https://doi.
org/10.1111/j.1754-4505.2012.00280.x

Korfage, A., Raghoebar, G. M., Arends, S., Meiners, P. M., Visser, A.,
Kroese, F. G., Bootsma, H., & Vissink, A. (2016). Dental implants
in patients with Sjogren's syndrome. Clinical Implant Dentistry
and Related Research, 18(5), 937-945. https://doi.org/10.1111/
cid.12376

Leake, J. L., Hawkins, R., & Locker, D. (1994). Social and functional im-
pact of reduced posterior dental units in older adults. Journal
of Oral Rehabilitation, 21(1), 1-10. https://doi.org/10.1111/
j.1365-2842.1994.tb01119.x

Lindhe, J., Lang, N. P., Berglundh, T., Giannobile, W. V., & Sanz, M. (2015).
Clinical periodontology and implant dentistry (Vol. 2, 6th ed.). Wiley
Blackwell.

Loe, H., &Silness, J. (1963). Periodontal disease in pregnancy. | Prevalence
and severity. Acta Odontologica Scandinavica, 21, 533-551. https://
doi.org/10.3109/00016356309011240

Maarse, F., Jager, D. H., Forouzanfar, T., Wolff, J., & Brand, H. S. (2018).
Tooth loss in Sjogren's syndrome patients compared to age and
gender matched controls. Medicina Oral, Patologia Oral y Cirugia
Bucal, 23, e545-e551. https://doi.org/10.4317/medoral.22545

Maarse, F., Jager, D. H. J., Alterch, S., Korfage, A., Forouzanfar, T., Vissink,
A., & Brand, H. S. (2019). Sjégren's syndrome is not a risk factor for
periodontal disease: A systematic review. Clinical and Experimental
Rheumatology, 118(3), 225-233.

Mariette, X., & Criswell, L. A. (2018). Primary Sjégren's syndrome.
New England Journal of Medicine, 378(10), 931-939. https://doi.
org/10.1056/NEJMcp1702514

Mathews, S. A., Kurien, B. T., & Scofield, R. H. (2008). Oral manifestations
of Sjégren's syndrome. Journal of Dental Research, 87(4), 308-318.

Meijer, J. M., Meiners, P. M., Huddleston Slater, J. J. R., Spijkervet, F. K.
L., Kallenberg, C. G. M,, Vissink, A., & Bootsma, H. (2009). Health-
related quality of life, employment and disability in patients with

85UB017 SUOLILLIOD BAIFER1D 3|qedlidde 8Ly Aq pausenob afe 9 VO ‘8sn JOS3|NI o A%1q1T8U1IUO AB]1M UO (SUORIPUOD-pUR-SLLBH D" A | 1M AReiq)1BU1|UO//SANY) SUORIPUOD PUe SWie L 8L} 385 *[¢202/0T/82] Uo Aig1auliuO AB|IM Ye8Ul01(qIasIRYSIBAILN AQ 866ET JIO/TTTT OT/I0p/W00 3| IM AReiq1Bu1|UO//SANY W14 papeo|umoq ‘0 ‘TOS0009T


https://orcid.org/0000-0003-2581-4361
https://orcid.org/0000-0003-2581-4361
https://orcid.org/0000-0002-7829-9116
https://orcid.org/0000-0002-7829-9116
https://orcid.org/0000-0002-3006-2128
https://orcid.org/0000-0002-3006-2128
https://doi.org/10.3899/jrheum.151167
https://doi.org/10.3899/jrheum.151167
https://doi.org/10.1371/journal.pone.0189507
https://doi.org/10.1371/journal.pone.0189507
https://doi.org/10.1111/scd.12591
https://doi.org/10.3290/j.qi.a36384
https://doi.org/10.1007/s11136-007-9293-2
https://doi.org/10.1902/jop.1989.60.7.363
https://doi.org/10.1902/jop.1989.60.7.363
https://doi.org/10.1016/j.ijom.2019.02.005
https://doi.org/10.1016/j.archoralbio.2015.03.004
https://doi.org/10.1111/j.1600-0501.2010.02109.x
https://doi.org/10.1111/j.1600-0501.2010.02109.x
https://doi.org/10.1111/j.1600-051X.2010.01650.x
https://doi.org/10.1111/j.1600-051X.2010.01650.x
https://doi.org/10.1177/0022034514563077
https://doi.org/10.1177/0022034514563077
https://doi.org/10.1111/j.1600-0722.2011.00891.x
https://doi.org/10.3758/bf03193146
https://doi.org/10.1016/S0140-6736(05)66990-5
https://doi.org/10.1016/s0022-3913(97)70100-8
https://doi.org/10.4041/kjod.2014.44.6.304
https://doi.org/10.4041/kjod.2014.44.6.304
https://doi.org/10.1111/j.1754-4505.2012.00280.x
https://doi.org/10.1111/j.1754-4505.2012.00280.x
https://doi.org/10.1111/cid.12376
https://doi.org/10.1111/cid.12376
https://doi.org/10.1111/j.1365-2842.1994.tb01119.x
https://doi.org/10.1111/j.1365-2842.1994.tb01119.x
https://doi.org/10.3109/00016356309011240
https://doi.org/10.3109/00016356309011240
https://doi.org/10.4317/medoral.22545
https://doi.org/10.1056/NEJMcp1702514
https://doi.org/10.1056/NEJMcp1702514

MAARSE ET AL.

14
_I_Wl LEY— CLINICAL ORAL IMPLANTS RESEARCH

Sjogren's syndrome. Rheumatology (Oxford, England), 48(9), 1077-
1082. https://doi.org/10.1093/rheumatology/kep141

Meijndert, L., Meijer, H. J. A., Raghoebar, G. M., & Vissink, A. (2004). A
technique for standardized evaluation of soft and hard peri-implant
tissues in partially edentulous patients. Journal of Periodontology,
75(5), 646-651. https://doi.org/10.1902/jop.2004.75.5.646

Mombelli, A., van Oosten, M. A, Schurch, E., & Land, N. P. (1987). The
microbiota associated with successful or failing osseointegrated ti-
tanium implants. Oral Microbiology and Immunology, 2(4), 145-151.
https://doi.org/10.1111/j.1399-302x.1987.tb00298.x

Okuno, K., Nohara, K., Tanaka, N., Sasao, Y., & Sakai, T. (2014). The ef-
ficacy of a lingual augmentation prosthesis for swallowing after a
glossectomy: A clinical report. The Journal of Prosthetic Dentistry,
111(4), 342-345. https://doi.org/10.1016/j.prosdent.2013.08.011

Owens, W. D., Felts, J. A., & Spitznagel, E. L. (1978). ASA physical status
classifications: A study of consistency of ratings. Anesthesiology,
49(4), 239-243. https://doi.org/10.1097/00000542-19781
0000-00003

Ozcaka, O., Alpoz, E., Nalbantsoy, A., Karabulut, G., & Kabasakal, Y.
(2018). Clinical periodontal status and inflammatory cytokines
in primary Sjégren syndrome and rheumatoid arthritis. Journal
of Periodontology, 89(8), 959-965. https://doi.org/10.1002/
JPER.17-0730

Payne, A. G., Lownie, J. F., & Van Der Linden, W. J. (1997). Implant-
supported prostheses in patients with Sjogren's syndrome: A clin-
ical report on three patients. The International Journal of Oral &
Maxillofacial Implants, 12(5), 679-685.

Pecora, G. E., Ceccarelli, R., Bonelli, M., Alexander, H., & Ricci, J. L.
(2009). Clinical evaluation of laser microtexturing for soft tissue
and bone attachment to dental implants. Implant Dentistry, 18(1),
57-66. https://doi.org/10.1097/1D.0b013e31818c5a6d

Pijpe, J., Kalk, W. W. |, Bootsma, H., Spijkervet, F. K. L., Kallenberg, C. G.
M., & Vissink, A.(2007). Progression of salivary gland dysfunction in
patients with Sjogren's syndrome. Annals of the Rheumatic Diseases,
66(1), 107-112. https://doi.org/10.1136/ard.2006.052647

Potempa, J., Mydel, P., & Koziel, J. (2017). The case for periodontitis in the
pathogenesis of rheumatoid arthritis. Nature Reviews Rheumatology,
13(10), 606-620. https://doi.org/10.1038/nrrheum.2017.132

Razak, P. A., Richard, K. M. J., Thankachan, R. P., Hafiz, K. A. A., Kumar,
K. N., & Sameer, K. M. (2014). Geriatric oral health: A review article.
Journal of International Oral Health, 6(6), 110-116.

Ritchie, A., & Kramer, J. M. (2018). Recent advances in the etiology and
treatment of burning mouth syndrome. Journal of Dental Research,
97(11), 1193-1199. https://doi.org/10.1177/0022034518782462

Seror, R., Theander, E., Brun, J. G., Ramos-Casals, M., Valim, V., Dérner, T,
Bootsma, H., Tzioufas, A., Solans-Laque, R., Mandl, T., Gottenberg,
J. E.,Hachulla, E., Sivils, K. L., Ng, W. F., Fauchais, A. L., Bombardieri,
S., Valesini, G., Bartoloni, E., Saraux, A., ... EULAR Sjégren's Task
Force. (2015). Validation of EULAR primary Sjégren's syndrome dis-
ease activity (ESSDAI) and patient indexes (ESSPRI). Annals of the
Rheumatic Diseases, 74(5), 859-866. https://doi.org/10.1136/annrh
eumdis-2013-204615

Shiboski, C. H., Shiboski, S. C., Seror, R., Criswell, L. A., Labetoulle, M.,
Lietman, T. M., Rasmussen, A., Scofield, H., Vitali, C., Bowman, S. J.,
Mariette, X., & International Sjégren's Syndrome Criteria Working
Group. (2017). 2016 American College of Rheumatology/European

league against rheumatism classification criteria for primary
Sjogren's syndrome. Annals of the Rheumatic Diseases, 76(1), 9-16.
https://doi.org/10.1136/annrheumdis-2016-210571

Stellingsma, K., Slagter, A. P., Stegenga, B., Raghoebar, G. M., & Meijer,
H. J. A. (2005). Masticatory function in patients with an extremely
resorbed mandible restored with mandibular implant-retained
overdentures: Comparison of three types of treatment proto-
cols. Journal of Oral Rehabilitation, 32(6), 403-410. https://doi.
org/10.1111/j.1365-2842.2005.01242.x

Tanaka, A., Kellesarian, S. V., & Arany, S. (2021). Xerostomia and patients'
satisfaction with removable denture performance: Systematic
review. Quintessence International, 52(1), 46-55. https://doi.
org/10.3290/j.qi.a45427

Tashbayev, B., Garen, T., Palm, @., Chen, X., Herlofson, B. B., Young, A.,
Hove, L. H., Rykke, M., Singh, P. B., Agrawi, L. A., Utheim, @. A.,
Utheim, T. P,, & Jensen, J. L. (2020). Patients with non-Sjogren's
sicca report poorer general and oral health-related quality of life
than patients with Sjégren's syndrome: A cross-sectional study.
Scientific Reports, 10(1), 2063. https://doi.org/10.1038/s41598-
020-59078-0

Turner, M., Jahangiri, L., & Ship, J. A. (2008). Hyposalivation, xerosto-
mia and the complete denture: A systematic review. Journal of the
American Dental Association (1939), 139(2), 146-150. https://doi.
org/10.14219/jada.archive.2008.0129

van der Meulen, M. J,, John, M. T., Naeije, M., & Lobbezoo, F. (2012).
Developing abbreviated OHIP versions for use with TMD pa-
tients. Journal of Oral Rehabilitation, 39(1), 18-27. https://doi.
org/10.1111/j.1365-2842.2011.02242.x

Vitali, C., Bombardieri, S., Jonsson, R., Moutsopoulos, H. M., Alexander,
E. L., Carsons, S. E., Daniels, T. E., Fox, P. C., Fox, R. I., Kassan, S.
S., Pillemer, S. R., Talal, N., Weisman, M. H., & European Study
Group on Classification Criteria for Sjégren's Syndrome. (2002).
Classification criteria for Sjogren's syndrome: A revised version of
the European criteria proposed by the American-European consen-
sus group. Annals of the Rheumatic Diseases, 61(6), 554-558. https://
doi.org/10.1136/ard.61.6.554

von Elm, E., Altman, D. G., Egger, M., Pocock, S. J., Ggtzsche, P. C., &
Vandenbroucke, J. P. (2014). The strengthening the reporting
of observational studies in epidemiology (STROBE) statement:
Guidelines for reporting observational studies. International
Journal of Surgery, 12(12), 1495-1499. https://doi.org/10.1016/j.
ijsu.2014.07.013

How to cite this article: Maarse, F., Fennis, W. M. M., Twisk,
J. W. R,, Korfage, A., Santing, H. J., den Hartog, L., Muradin,
M. S. M., Maningky, M. S., Raghoebar, G. M., Vissink, A.,
Brand, H. S., & Jager, D. H. J. (2022). Dental implants in
dentate primary and secondary Sjogren's syndrome patients:
A multicenter prospective cohort study. Clinical Oral Implants
Research, 00, 1-14. https://doi.org/10.1111/clr.13998

85UB017 SUOLILLIOD BAIFER1D 3|qedlidde 8Ly Aq pausenob afe 9 VO ‘8sn JOS3|NI o A%1q1T8U1IUO AB]1M UO (SUORIPUOD-pUR-SLLBH D" A | 1M AReiq)1BU1|UO//SANY) SUORIPUOD PUe SWie L 8L} 385 *[¢202/0T/82] Uo Aig1auliuO AB|IM Ye8Ul01(qIasIRYSIBAILN AQ 866ET JIO/TTTT OT/I0p/W00 3| IM AReiq1Bu1|UO//SANY W14 papeo|umoq ‘0 ‘TOS0009T


https://doi.org/10.1093/rheumatology/kep141
https://doi.org/10.1902/jop.2004.75.5.646
https://doi.org/10.1111/j.1399-302x.1987.tb00298.x
https://doi.org/10.1016/j.prosdent.2013.08.011
https://doi.org/10.1097/00000542-197810000-00003
https://doi.org/10.1097/00000542-197810000-00003
https://doi.org/10.1002/JPER.17-0730
https://doi.org/10.1002/JPER.17-0730
https://doi.org/10.1097/ID.0b013e31818c5a6d
https://doi.org/10.1136/ard.2006.052647
https://doi.org/10.1038/nrrheum.2017.132
https://doi.org/10.1177/0022034518782462
https://doi.org/10.1136/annrheumdis-2013-204615
https://doi.org/10.1136/annrheumdis-2013-204615
https://doi.org/10.1136/annrheumdis-2016-210571
https://doi.org/10.1111/j.1365-2842.2005.01242.x
https://doi.org/10.1111/j.1365-2842.2005.01242.x
https://doi.org/10.3290/j.qi.a45427
https://doi.org/10.3290/j.qi.a45427
https://doi.org/10.1038/s41598-020-59078-0
https://doi.org/10.1038/s41598-020-59078-0
https://doi.org/10.14219/jada.archive.2008.0129
https://doi.org/10.14219/jada.archive.2008.0129
https://doi.org/10.1111/j.1365-2842.2011.02242.x
https://doi.org/10.1111/j.1365-2842.2011.02242.x
https://doi.org/10.1136/ard.61.6.554
https://doi.org/10.1136/ard.61.6.554
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1016/j.ijsu.2014.07.013
https://doi.org/10.1111/clr.13998

	Dental implants in dentate primary and secondary Sjögren's syndrome patients: A multicenter prospective cohort study
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Study design
	2.2|Participants
	2.3|Patient and public involvement
	2.4|Intervention
	2.4.1|Preoperative procedure
	2.4.2|Surgical procedure
	2.4.3|Prosthetic procedure

	2.5|Outcome measures
	2.5.1|Survival rate
	2.5.2|Complication rate
	2.5.3|Plaque index
	2.5.4|Bleeding index
	2.5.5|Gingival index
	2.5.6|Probing pocket depth
	2.5.7|Radiographic evaluation
	2.5.8|Chewing ability
	2.5.9|Evaluation of oral health-­related quality of life
	2.5.10|Feeling of oral dryness

	2.6|Sample size and statistical analysis

	3|RESULTS
	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


